Beta-adrenergic receptor-adenylate cyclase alterations during the postnatal development of skeletal muscle.
The postnatal development of mammalian skeletal muscle is associated with an increased capacity for glycogenolysis. In the present study rabbit skeletal muscle underwent a 7-fold increase in glycogen synthase and glycogen phosphorylase activity over the postnatal period of 0--8 weeks. An enriched fraction of sarcolemma was prepared from neonatal and adult muscle to examine the development of the beta-adrenergic receptor-adenylate cyclase system. Adult membranes possessed a 2-fold greater Na+K+(Mg2+)-ATPase activity and a 6--8 fold greater sodium fluoride- and epinephrine-stimulated adenylate cyclase activity. The activation ratio (effector activity/basal activity) increased 2--3 fold for epinephrine and sodium fluoride in adult sarcolemma. The activation by catecholamines conformed to the physiological beta 2 type response with isoproterenol (1.8 . 10(-8) M) > epinephrine (1.1 . 10(-7) M) > norinephrine (3.2 . 10(-6) M). In contrast, binding studies employing (-)-[3H]dihydroalprenolol showed little difference between neonatal and adult membranes with respect to (1) number of binding sites, (2) equilibrium dissociation constant and (3) displacement of (-)-[3H]dihydroalprenolol by catecholamine agonists. Protein and lipid components of the sarcolemma were also modified during development. Neonatal membranes possessed two glycopeptides of Mr 80000 and 86000, whereas in the adult only a single Mr 113000 species was evident. The total lipid phosphorus and phospholipid composition was unchanged during development. The content of linoleic acid increased approx. 3-fold during development in the phosphatidylcholine, phosphatidylethanolamine and phosphatidylserine phospholipids. The cholesterol content of adult membranes was decreased by 29% compared to neonatal membranes.